This Letter presents the results of a direct search with the ATLAS detector at the LHC for a Standard Model Higgs boson of mass 110 ≤ m H ≤ 130 GeV produced in association with a W or Z boson and decaying to bb. Three decay channels are considered: ZH → ℓ + ℓ − bb, W H → ℓνbb and ZH → ννbb, where ℓ corresponds to an electron or a muon. No evidence for Higgs boson production is observed in a dataset of 7 TeV pp collisions corresponding to 4.7 fb −1 of integrated luminosity collected by ATLAS in 2011. Exclusion limits on Higgs boson production, at the 95% confidence level, of 2.5 to 5.5 times the Standard Model cross section are obtained in the mass range 110-130 GeV. The expected exclusion limits range between 2.5 and 4.9 for the same mass interval. 
Introduction
The search for the Standard Model (SM) Higgs boson [1] [2] [3] is one of the most important endeavours of the Large Hadron Collider (LHC). The results of searches in various channels using data corresponding to an integrated luminosity of up to 4.9 fb −1 have been reported recently by both the ATLAS and CMS collaborations [4, 5] . The Higgs boson has been excluded at the 95% confidence level below 114.4 GeV by the LEP experiments [6] , in the regions 100-106 GeV and 147-179 GeV at the Tevatron pp collider [7] , and in the regions 112.5-115.5 GeV and 127-600 GeV by the LHC experiments. This Letter reports on a search for the SM Higgs boson performed for the H → bb decay mode, over the mass range 110-130 GeV where this decay mode dominates.
Due to the large backgrounds present in the dominant production process gg → H → bb, the analysis reported here is restricted to Higgs boson production in association with a vector boson, W H and ZH [8] [9] [10] [11] [12] , where the vector boson provides an additional final state signature, allowing for significant background suppression. An additional handle against the backgrounds is provided by exploiting the better signal-over-background level of the kinematic regions where the weak bosons have high transverse momenta [13] . These channels are also important contributors to Higgs boson searches at CMS [14] and the Tevatron [7] .
This Letter presents searches in the ZH → ℓ + ℓ − bb , W H → ℓνbb and ZH → ννbb channels, where ℓ is either an electron or a muon. The data used were recorded by the ATLAS experiment during the 2011 LHC run at a centre-of-mass energy of √ s = 7 TeV and correspond to integrated luminosities of 4.6 to 4.7 fb −1 [15, 16] , depending on the analysis channel. The leptonic decay modes of the weak bosons are selected to suppress backgrounds containing only jets in the final state. In the ZH → ννbb channel, the multijet background is suppressed by requiring a large missing transverse energy.
The ATLAS Detector
The ATLAS detector [17] consists of four main subsystems. An inner tracking detector is immersed in the 2 T magnetic field produced by a superconducting solenoid. Charged particle position and momentum measurements are made by silicon detectors in the pseudorapidity 1 range |η| < 2.5 and by a straw tube tracker in the range |η| < 2.0. Calorimeters cover |η| < 4.9 with a variety of detector technologies. The liquid-argon electromagnetic calorimeter is divided into barrel (|η| < 1.475) and endcap (1.375 < |η| < 3.2) sections. The hadronic calorimeters (using liquid argon or scintillating tiles as active materials) surround the electromagnetic calorimeter and cover |η| < 4.9. The muon spectrometer measures the deflection of muon tracks in the field of three large air-core toroidal magnets, each containing eight superconducting coils. It is instrumented with separate trigger chambers (covering |η| < 2.4) and high-precision tracking chambers (covering |η| < 2.7).
Data and Monte Carlo Samples
The collision data used in this analysis are selected such that all elements of the ATLAS detector were delivering high-quality data. In the ZH → ℓ + ℓ − bb and the W H → ℓνbb analyses, events were primarily collected using single-lepton triggers with a transverse momentum (p T ) threshold of 20 GeV for electrons, which was raised to 22 GeV as the instantaneous luminosity increased, and 18 GeV for muons. In the ZH → ℓ + ℓ − bb analysis, these triggers were supplemented with a dielectron trigger with a threshold of 12 GeV. The lepton trigger efficiency is measured using a sample of Z → ℓ + ℓ − events. The resulting efficiency, relative to the offline selection, is close to 100% for ZH → e + e − bb and W H → eνbb. It is around 95% for the ZH → µ + µ − bb channel and 90% for the W H → µνbb channel, due to the lower angular coverage of the muon trigger chambers with respect to the precision tracking chambers. The missing transverse energy (E miss T ) trigger used for the ZH → ννbb channel has a threshold of 70 GeV and an efficiency above 50% for E miss T above 120 GeV. This efficiency exceeds 99% for E miss T above 170 GeV. The efficiency curve is measured in a sample of W → µν + jet events collected using muon triggers, which do not rely on the presence of E miss T . The the detector and the z-axis coinciding with the axis of the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points upward. Cylindrical coordinates (r,φ) are used in the transverse plane, φ being the azimuthal angle around the beam pipe. The pseudorapidity is defined in terms of the polar angle θ as η = − ln tan(θ/2). For the purpose of the fiducial selection, this is calculated relative to the geometric centre of the detector; otherwise, it is relative to the reconstructed primary vertex of each event.
Monte Carlo (MC) simulation predicts the trigger efficiency to be 5% higher than that observed in collision data for 120 GeV ≤ E miss T < 160 GeV and agrees for E miss T ≥ 160 GeV. A correction factor of 0.95 ± 0.01 is therefore applied to the MC in the lower E miss T region, and no trigger efficiency correction is applied elsewhere.
The W H and ZH signal processes are modelled using MC events produced by the Pythia [18] event generator, interfaced with the MRST modified leading-order (LO*) [19] parton distribution functions (PDFs), using the AUET2B tune [20] for the parton shower, hadronization and multiple parton interactions. The total cross sections for these channels, as well as their corresponding uncertainties, are taken from the LHC Higgs Cross Section Working Group report [21] . Differential next-toleading order (NLO) electroweak corrections as a function of the W or Z transverse momentum have also been applied [12, 22] 
Reconstruction and Identification of Physics Objects
Events are required to have at least one reconstructed primary vertex with three or more associated tracks with p T > 0.4 GeV in the inner detector. If more than one vertex is reconstructed, the primary vertex is chosen as the one with the highest sum of the squares of the transverse momenta of all its associated tracks.
The charged leptons that are used to reconstruct the vector boson candidate are required to satisfy p T > 20 GeV in the ZH → ℓ + ℓ − bb channel, while this cut is increased to p T > 25 GeV in the W H → ℓνbb channel in order to be above the trigger threshold, and maintain a high trigger efficiency. In both cases, the leptons must be central (|η| < 2.47 for electrons and |η| < 2.5 for muons) and have a matching track in the inner detector that is consistent with originating from the primary vertex.
Electron candidates are reconstructed from energy clusters in the electromagnetic calorimeter and are required to pass identification criteria based on the shower shape. Central electrons must have a matching track in the inner detector that is consistent with originating from the primary vertex and requirements are placed on track quality and trackcluster matching [37] . Further track and cluster related identification criteria are applied to electron candidates in order to reduce background from jets being misidentified as electrons. The criteria are tighter for W decays, where the background is larger. Muons are found by searching for tracks reconstructed in the muon spectrometer with |η| < 2.7. If the muon spectrometer track matches a track in the inner detector, then the muon is reconstructed from a combination of both tracks.
In order to suppress background from semileptonic heavy-flavour hadron decays, the leptons are required to be isolated. In the ZH → ℓ + ℓ − bb and W H → ℓνbb channels the sum of the transverse momenta of all charged tracks (other than those of the charged leptons) reconstructed in the inner detector within a cone of ∆R = (∆η) 2 + (∆φ) 2 < 0.2 from each charged lepton is required to be less than 10% of the transverse momentum of the lepton itself. In the W H → ℓνbb channel, the isolation requirement is strengthened by requiring in addition that the sum of all transverse energy deposits in the calorimeter within a cone of ∆R < 0.3 from the charged lepton be less than 14% of the transverse energy of the lepton itself.
In order to suppress the top-quark background in the ZH → ννbb channel, events containing electrons with |η| < 2.47 and p T > 10 GeV, or muons with |η| < 2.7 and p T > 10 GeV are removed. Similar requirements are applied on any additional lepton reconstructed in the W H → ℓνbb channel, but the minimum lepton p T is increased to 20 GeV if the additional lepton has the same charge as, or a different flavour than the signal lepton. Events with forward electrons [37] (2.47 < |η| < 4.5) with p T > 20 GeV are also removed in the W H → ℓνbb channel.
Jets are reconstructed from energy clusters in the calorimeter using the anti-k t algorithm [38] with a radius parameter of 0.4. Jet energies are calibrated using p T -and η-dependent correction factors based on MC simulation and validated with data [39] . A further correction is applied when calculating the di-jet invariant mass, as described in section 5 below. The contribution from jets originating from other collisions in the same bunch crossing is reduced by requiring that at least 75% of the summed transverse momentum of inner detector tracks (with p T > 0.4 GeV) associated with the jet are compatible with originating from the primary vertex. Furthermore, a jet is required to have no identified electron within ∆R ≤ 0.4. Only jets with p T > 25 GeV and within the acceptance of the inner detector (|η| < 2.5) are used to reconstruct Higgs boson candidates. A looser selection, for additional jets with p T > 20 GeV and |η| < 4.5, is used to suppress additional hadronic activity in the W H → ℓνbb channel.
Jets which originate from b quarks can be distinguished from other jets by the relatively long lifetime of hadrons containing b quarks. Such jets are primarily identified ("b-tagged") by reconstructing one or more secondary decay vertices from tracks within the jet, or by combining the distances of closest approach to the primary event vertex (impact parameters) of tracks in the jet [40] [41] [42] . This information is combined into a single discriminant w, such that a jet with higher w is more likely to be a b jet. A selection cut on w is applied, resulting in an efficiency of about 70% for identifying true b jets, with a c jet rejection factor of about 5, and a light jet rejection factor of about 130, evaluated in simulated tt events.
The missing transverse momentum and its magnitude are measured from the vector sum of the transverse momentum vectors associated with clus-ters of energy reconstructed in the calorimeters with |η| < 4.9 [43] . A correction is applied to the energy of those clusters that are associated with a reconstructed physical object (jet, electron, τ -lepton, photon). Reconstructed muons are also included in the sum, and any calorimeter energy deposits associated with them are excluded. To supplement the calorimeter-based definition of E miss T in the ZH → ννbb channel, the track-based missing transverse momentum, p miss T , is calculated from the vector sum of the transverse momenta of inner detector tracks associated with the primary vertex [44] .
Event Selection
Events in the ZH → ℓ + ℓ − bb channel are required to contain exactly two same-flavour leptons. The two leptons must be oppositely charged in the case of muons. This is not required for electrons since energy losses from showering in material in the inner detector lead to a higher charge misidentification probability. The invariant mass of the lepton pair must be in the range 83 GeV < m ℓℓ < 99 GeV. A requirement of E . Events in all channels are required to contain exactly two b-tagged jets, of which one must have p T > 45 GeV and the other p T > 25 GeV. If p V T is less than 200 GeV the two b-tagged jets are required to have a separation of ∆R > 0.7, to reduce W +jet and Z+jet backgrounds. Additionally, in the ZH → ννbb channel a cut on the separation between the two jets of ∆R < 2.0 (∆R < 1.7) for p V T < 160 GeV (p V T > 160 GeV) is applied to reduce the multijet background. Events in the ZH → ℓ + ℓ − bb channel may contain additional nonb-tagged jets, while, in the W H → ℓνbb and ZH → ννbb channels, events with additional jets are rejected, to further suppress top-quark background. In the W H → ℓνbb analysis, where the top-quark background is dominant, events containing additional jets with |η| < 4.5 and p T > 20 GeV are rejected, while in the ZH → ννbb channel the selection is restricted to jets with |η| < 2.5 and p T > 25 GeV.
In the ZH → ννbb analysis, further cuts are applied on the azimuthal angle between E miss T and the reconstructed transverse momentum of the bb system, ∆φ(bb, E miss T ), to further reject multijet background. The cuts are ∆φ(bb, E miss T ) > 2.7 for 120 < p V T < 160 GeV and ∆φ(bb, E miss T ) > 2.9 for p V T ≥ 160 GeV. A search for H → bb decays is performed by looking for an excess of events above the background expectation in the invariant mass distribution of the b-jet pair (m bb ). The value of the reconstructed m bb is scaled by a factor of 1.05, obtained from MC-based studies, to account on average for e.g. losses due to soft muons and neutrinos from b and c hadron decays. To increase the sensitivity of the search, this distribution is examined in bins of p On the other hand, the ZH → ννbb analysis has a non-negligible contribution from W H → ℓνbb : 2.1% of the ZH → ννbb signal and 0.2% of the W H → ℓνbb signal are expected to pass the analysis selection.
Background Estimation
Backgrounds are estimated using a combination of data-driven and MC-based techniques. Significant sources of background include top, W +jet, Z+jet, diboson and multijet production. The dominant background in the ZH → ℓ + ℓ − bb channel is Z+jet production. In the W H → ℓνbb channel both the top-quark and W +jet production are important. In the ZH → ννbb channel, there is a significant contribution from top, W +jet, Z+jet and diboson production. Multijet production is a negligible background, except for the W H → ℓνbb channel.
The flavour composition of the W +jet and Z+jet backgrounds is determined partially from data.
The shapes of the m bb distribution of the top, W +jet and Z+jet backgrounds are taken from MC simulation, with the respective normalizations being determined from data. The ratio of single-top to top-pair production is taken from NLO QCD computations [45] . Multijet backgrounds are estimated entirely from data. The diboson backgrounds are determined from MC simulation with cross sections normalized to NLO QCD computations [46, 47] .
The flavour composition of the W +jet and Z+jet samples is determined using templates produced from three exclusive MC samples containing at least one true b jet, at least one true c jet, or only light jets. The relative normalizations of the three components are adjusted by fitting the distribution of the b-tagging discriminating variable w found in MC simulation to the distribution found in control data samples dominated by W +jet and Z+jet events. Once the relative normalizations of the flavour components have been fixed, the overall normalizations are determined from data in a separate step.
Sidebands in the m bb distribution, defined by selecting events with m bb < 80 GeV or 150 GeV < m bb < 250 GeV along with the standard event selection, are used to normalize the Z+jet, W +jet and top backgrounds.
In addition, two control regions which are dominated by top-quark production are used to further constrain the normalization of the top background. The ZH top control region selects events from the sidebands of the Z boson mass peak: m ℓℓ ∈ [60 GeV, 76 GeV] ∪ [106 GeV, 150 GeV] with E miss T > 50 GeV, while the W H top control region selects W + 3 jet events with two b-tagged jets.
The normalizations of the Z+jet, W +jet and top-quark backgrounds are determined in the ZH → ℓ + ℓ − bb or W H → ℓνbb channels, by simultaneous fits to the sidebands of the m bb distributions, and either the ZH or W H top control regions defined above. In the W H sideband fit, the normalizations of the top-quark, the W +2 jet and the W +3 jet distributions are varied. In the ZH sideband fit, the normalizations of the top-quark and Z+jet backgrounds are left floating. The normalizations of the remaining sub-leading backgrounds are left fixed in the fit at their expectation values from Monte Carlo predictions, except for multi-jet production which is estimated from data. The relative data to MC normalization factors for top-quark background agree with unity to within 20% in both the ZH → ℓ + ℓ − bb or W H → ℓνbb sideband fits. The normalization of the top-quark background in the ZH → ℓ + ℓ − bb signal region is based on the ZH sideband and control region fit result, while the normalization of the same background in the ZH → ℓ + ℓ − bb and ZH → ννbb signal regions is based on the W H sideband and control region fit result. Monte Carlo predictions are used to extrapolate the Z+jet (W +jet) normalizations determined in the ZH → ℓ + ℓ − bb (W H → ℓνbb ) sidebands to the signal regions of all three channels. The normalization factors for W +jet and Z+jet range from 0.8 to 2.4 depending on jet flavour and multiplicity. The MC to data normalization factors are applied to several additional control samples with selections to enhance the Z, W or top-quark contributions. After these corrections are applied, good agreement is found with the data in both shape and normalization within the statistical and systematic uncertainties.
The backgrounds from multijet events are estimated entirely from collision data. For the ZH → ℓ + ℓ − bb channel, the multijet background normalization is determined from the sidebands of the m ℓℓ distribution in events containing at least two jets, and is found to contribute less than 1% and is therefore neglected. Multijet E miss T templates for the W H → ℓνbb channel are obtained by selecting events with lepton candidates failing the charged lepton analysis selection, but satisfying looser lep-ton selections. The normalization is determined by fitting these templates to the E miss T distribution. A 30% uncertainty is determined from a comparison between the normalized templates and the data in a multijet-dominated control region, defined by requiring E miss T < 25 GeV and m T < 40 GeV. In the ZH → ννbb channel, the multijet background is estimated using three control regions defined using two variables, ∆φ(E miss T , p miss T ) and min(∆φ(E miss T , jets)), which showed no appreciable correlation.
The ratio of events with ∆φ(E , jet)) < 0.4. It can be seen that the requirements on these variables effectively reduce the multijet background. The signal region has large contributions from Z+jet and top, with smaller contributions from the W +jet, diboson production and multijet backgrounds. For all distributions, the data are reasonably well described by MC simulation and the multijet background, which was determined from data.
Systematic Uncertainties
The sources of systematic uncertainty considered are those affecting the various efficiencies (reconstruction, identification, selection), as well as the momentum or energy of physics objects, the normalization and shape of the m bb distribution of the signal and background processes, and the integrated luminosity. Among these, the leading instrumental uncertainties for all channels are related to the uncertainty on the b-tagging efficiency, which varies between 5% and 19% depending on the btagged jet p T [42] , and the jet energy scale (JES) for b-tagged jets which varies between 3% and 14% depending on the jet p T and η [48] . The p T dependence of the b-tagging efficiency has been considered, based on the full covariance matrix of the measured b-tagging efficiency in jet p T intervals [42] . The uncertainty on the flavour composition of the Z + jet and W + jet background is estimated by varying the fraction of Z + c-jets and W + c-jets by 30% as derived from the fit described in Section 6.
The uncertainties on the SM Higgs boson inclusive cross sections are evaluated by varying the factorization and renormalization scales, and by taking into account the uncertainties on the PDFs, on the strong coupling constant and on the H → bb branching fraction. These uncertainties are estimated to be ≈ 4% for both W H and ZH production and are treated according to the recommendations given in Refs. [21, 49, 50] . Additional uncertainties are considered, as a function of the transverse momentum of the W and Z bosons, which range from ≈ 4% to ≈ 8%, depending on channel and on the p W T or p Z T interval. These correspond to the difference between the inclusive and differential electroweak corrections [12, 22] , and to differences in acceptance between the Pythia and Powheg+Herwig generators. The latter arise mainly from the perturbative QCD model uncertainty caused by rejecting events with three or more jets in the W H → ℓνbb and ZH → ννbb analyses.
The uncertainties on the normalizations of the Z+jet, W +jet and top-quark backgrounds are taken from the statistical uncertainties on the fits to control regions and m bb sidebands (see Section 6) and from variations of the nominal fit result induced by the remaining sources of systematic uncertainty. The resulting normalization uncertainties are applied to the ZH → ννbb channel. A correlation between the normalizations of the W +jet and topquark backgrounds is introduced by the simultaneous fit to the m bb sidebands and the W H top control region in the W H → ℓνbb channel. This correlation is taken into account when transferring to the ZH → ννbb channel the uncertainties on the normalization of these backgrounds.
The background normalization corrections are determined in an inclusive way, using all selected events in the ZH → ℓ + ℓ − bb and W H → ℓνbb channels, and the shape of the m bb and p V T distributions are in each case taken from the MC simulation. Therefore, a possible mismodelling of the underlying m bb and p V T distributions, as predicted by the MC generators, is also considered. An uncertainty due to the shape of the p Z T distribution for the Z+jet background in the ZH → ℓ + ℓ − bb channel is estimated by finding variations of the MC p Z T distribution in the m bb sidebands which cover any differences between MC simulation and data. The m bb distribution of simulated Z+jet events is then reweighted according to these variations, to estimate the effect on the final results. An uncertainty due to the modelling of W +jet in the W H → ℓνbb channel is estimated by reweighting the p W T and m bb distributions of simulated W +jet events by variations motivated by a comparison of different theoretical models (Powheg+Pythia, Powheg+Herwig, aMC@NLO+Herwig [51] and Alpgen+Herwig). Theoretical uncertainties of 11% and 15% are applied to the normalization of the diboson samples and the single-top sample, respectively. The normalization uncertainty for the multijet background is taken to be 30% for W H → ℓνbb, as described in Section 6. For ZH → ℓ + ℓ − bb and ZH → ννbb this background is found to be negligible. The uncertainty in the integrated luminosity has been estimated to be 3.9% [15, 16] . This uncertainty is applied only to backgrounds for which the normalization is not taken directly from a comparison between data and MC simulation. Where it is applied, this systematic uncertainty is assumed to be correlated among the different backgrounds.
Results
The analysis is performed for five Higgs boson mass hypotheses between 110 GeV and 130 GeVand the signal hypothesis is tested based on a fit to the invariant mass distribution of the b-jet pair, m bb , in the signal region (80 < m bb < 150 GeV). The m bb distribution is shown in Figs. 2 -4 for each channel, separately for different ranges of p V T . The data distributions are overlaid with the expectations from the MC simulation and data-driven backgrounds. Within the experimental uncertainty, the data show no excess over the background expectation. The signal shape is dominated by the experimental resolution on the jet energy measurement. The m bb resolution for signal events is about 16 GeV on average.
The number of events in the signal region selected in data is shown in Table 1 for each channel. The expected number of signal events for m H = 120 GeV is also shown, along with the corresponding estimated number of background events. Also shown are the relative systematic uncertainties on the signal and total background yields arising from the following sources: b-tagging efficiency and mis-tag rate, background normalization, jet and E miss T uncertainties, lepton reconstruction and identification, integrated luminosity, overlaid collision events (pileup), and uncertainties on the MC predictions (theory). Uncertainties on the shape of the m bb distribution are also taken into account in the fit.
For each Higgs boson mass hypothesis, a onesided upper limit is placed on the ratio of the Higgs boson production cross section to its SM value, µ = σ/σ SM , at the 95% confidence level (CL). The exclusion limits are derived from the CL s [52] treatment of the p-values computed with the profile likelihood ratio [53] , as implemented in the RooStats program [54] , using the binned distribution of m bb . The systematic uncertainties are treated by making the expected m bb templates and sample normalizations dependent on additional fit parameters ("nuisance parameters"), one for each systematic uncertainty, which are then constrained with Gaussian terms within their expected uncertainties. The dependence of the m bb shapes on the nuisance parameters is described with bin-by-bin linear interpolation between the corresponding +1σ or −1σ variations and the nominal case.
The resulting exclusion limits are listed in Table 2 for each channel and for the statistical combination of the three channels. They are also plotted in Fig. 5 . The limits are expressed as the multiple of the SM Higgs boson production cross section which is excluded at 95% CL for each value of the Higgs boson mass. The observed upper limits range between 7.7 and 14.4 for the ZH → ℓ + ℓ − bb channel, between 3.3 and 5.9 for the W H → ℓνbb channel and between 3.7 and 10.3 for the ZH → ννbb channel, depending on the Higgs boson mass. The combined exclusion limit for the three channels together ranges from 2.5 to 5.5 times the SM cross section, depending on the Higgs boson mass. The limits include systematic uncertainties, the largest of which arise from the top, Z+jet, and W +jet background estimates, the b-tagging efficiency, and the jet energy scale. The systematic uncertainties weaken the limits by 25−40% depending on the search channel.
Summary
This Letter presents the results of a direct search by ATLAS for the Standard Model Higgs boson produced in association with a W or Z boson. The following decay channels are considered: ZH → ℓ + ℓ − bb, W H → ℓνbb and ZH → ννbb, where ℓ corresponds to an electron or a muon. The mass range 110 < m H < 130 GeV is examined for five Higgs boson mass hypotheses separated by 5 GeV steps. The three channels use datasets corresponding to 4.6 -4.7 fb −1 of pp collisions at √ s = 7 TeV. No significant excess of events above the estimated Table 1 : Number of data, simulated signal, and estimated background events in each bin of p V T for the W H → ℓνbb , ZH → ℓ + ℓ − bb and ZH → ννbb channels. The signal corresponds to a Higgs boson mass of m H = 120 GeV. The number of events is shown for the full signal region (m bb ∈ [80 GeV, 150 GeV]). Background sources found to be negligible are signalled with "-". Relative systematic uncertainties on the hypothesized signal and estimated total background are shown.
[GeV] 0-50 50-100 100-200 >200 0-50 50-100 100-200 >200 120-160 160-200 >200 Number of events for 80 < m bb < 150 GeV signal 1.3 ± 0.1 1.8 ± 0.2 1.6 ± 0.2 0.4 ± 0.1 5.0 ± 0.6 5.1 ± 0.6 3.7 ± 0.4 1.2 ± 0.2 2.0 ± 0.2 1.2 ± 0.1 1. 
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